New Zealand (NZ) is both a Gondwanan continental fragment and a geologically active oceanic island, and hence, unravelling the origins and diversification of its biota has been considered important to biogeographic theory more generally (Nelson 1975) . For instance, given this dual nature, the modern NZ land mass provides an ideal setting to consider the relative contribution of vicariance (NZ is believed to have separated from the Gondwanan supercontinent c. 80 Ma; but see, e.g., Ladiges and Cantrill 2007 , who suggest more recent terrestrial connections between Australia and NZ) versus more recent transoceanic long-distance dispersal in shaping biogeographic patterns (Crisp 2008; Wallis and Trewick 2008) . Following its rifting from Gondwana, crustal thinning resulted in progressive submergence of the plate that carried NZ culminating in the "Oligocene drowning" when the emergent landmass of what would become NZ was reduced to a small fraction of the modern area or was submerged entirely (Campbell and Landis 2003; Trewick et al. 2006; Landis et al. 2008) . The fossil record of NZ indicates a very high rate of biotic turnover since the Cretaceous (Pole 1994; Pole and Vajda 2009 ). The importance of Tertiary oceanic long-distance dispersal in the assembly of the modern biota has been widely demonstrated (e.g., Fleming 1979; Mildenhall 1980; Pole 1994; Macphail 1997; Winkworth et al. 2002; Cook and Crisp 2005; Knapp et al. 2005) . In light of these data, it has been argued that the burden of proof rests with biogeographers to demonstrate in situ Gondwanan (vicariant) heritage, or indeed, a continuous pre-Oligocene link for the modern NZ biota (Waters and Craw 2006; Landis et al. 2008) . Here, we review the claim that Kauri (Agathis australis), the sole extant NZ representative of the predominantly Southern Hemisphere conifer family Araucariaceae, survived the Oligocene drowning (Stöckler et al. 2002; Knapp et al. 2007) . Stöckler et al. (2002) present a molecular (plastid rbcL sequences) phylogenetic hypothesis for Agathis and Araucariaceae in which A. australis is resolved as sister to all other Agathis spp. included in their study and is separated by a long branch leading to the Australian, New Caledonian, and Malesian representatives of that genus. We find no substantive evidence from this study to support their claim that A. australis represents a lineage that has continuously occupied NZ since before the Oligocene and potentially since the Cretaceous. Specifically, they argue that the phylogenetic position of A. australis rejects the hypothesis of Pole (1994) "that most if not all New Zealand plant taxa have been derived by long-distance dispersal from Australia during the Tertiary" (Stöckler et al. 2002, p. 830 ; but see Pole 2008 , for an alternative interpretation of Pole 1994) . However, the topology of Stöckler et al. (2002) is still consistent with Tertiary long-distance dispersal of the A. australis lineage from Australia to NZ. The tree does not reject the possibility that A. australis is more closely related to extinct Australian Agathis, which are known from well-substantiated macrofossils of southern Australia from the Palaeocene to the Miocene (Hill and Brodribb 1999; Hill et al. 2008) . Possibly stronger evidence for the scenario of Stöckler et al. (2002) comes from the antediluvian fossil record of NZ, including putative (then undescribed) Agathis fossils from the Cenomanian (c. 100 Ma) of NZ that would suggest a continuous presence since at least the Late Cretaceous. Pole (2008) has compared morphological variation within "A. seymouricum" and "A. clarencianum" of the NZ Cenomanian with that of extant Agathis and finds no support from these fossils for a presence of Agathis in NZ prior to the Cainozoic (<65.5 Ma). Lee et al. (2007) cast further doubt on the affinities of these Cretaceous fossils, noting that the original illustrations did not contain characters that have been used to define the genus. Hill et al. (2008) believe that the oldest organically preserved fossils that can be unequivocally assigned to Agathis date to the Late Palaeocene in southeast Australia, and even they have some unusual features compared with living Agathis. Furthermore, it has recently been suggested that Araucariaceae may have been extirpated from NZ at the Cretaceous-Tertiary boundary (c. 65 Ma; Pole 2008; Pole and Vajda 2009 ) corresponding to probable global deforestation following the asteroid impact in Yucatan (Vajda et al. 2001) . Knapp et al. (2007) used a plastid DNA sequence data set with integrated fossil time constraints to infer a Late Cretaceous-Eocene divergence of A. australis from a sister clade comprising Agathis from Australia, the southwestern Pacific and Malesia. On this basis, Knapp et al. (2007) hypothesis that NZ Agathis is derived from a lineage that survived the Oligocene marine transgression, although they are cautious with respect to Cretaceous in situ vicariance and consider alternative hypotheses, including possible pre-Oligocene long-distance oceanic dispersal in the context of the Australian fossil record. Our major concern with the analyses of Knapp et al. (2007) rests largely in their treatment of the fossil data to calibrate molecular rates for Araucariaceae. Knapp et al. (2007) applied "conservative" age constraints to internal nodes for their divergence time estimation (i.e., older node age constraints could be justified on the basis of fossil evidence, which could result in older estimates of divergence times for A. australis), although their treatment also implies a high level of confidence with respect to the taxonomic placement of the fossil Araucariaceae. Specifically, they assume that the fossils belong within the Araucariaceae crown group radiation, disregarding the possibility that they are stem group lineages (i.e., the root of their topologies excludes the outgroup). Below, we demonstrate that this approach has strong implications for molecular evolution among araucarians, and using alternative calibration constraints, we question the strength of evidence for a pre-Oligocene presence of Agathis in NZ.
METHODS
Data We assembled a data set comprising partial plastid rbcL and matK sequences for 24 taxa including 15 Araucariaceae and 9 outgroup taxa representing the conifer families Podocarpaceae, Cupressaceae, Taxaceae, Sciadiopityaceae, and Pinaceae. Sequences were sourced from GenBank, and alignment was performed manually. The aligned sequence length (including two indels in matK) was 1965 nucleotides. Taxa sampled and GenBank accession numbers are indicated in Table 1 , and the aligned data matrix is available as Supplementary Material at http://www.sysbio.oxfordjournals.org.
Phylogeny and Molecular Dating
We used the Bayesian relaxed clock implementation BEAST (v1.4.8; ; BEAST input files available at http://www.sysbio .oxfordjournals.org) that implements a number of theoretical advances in molecular clock methods relative to those employed by Knapp et al. (2007, penalized likelihood, Sanderson 2002 , and the Bayesian relaxed clock implementation, Multidivtime, Thorne et al. 1998; Thorne and Kishino 2002) including the simultaneous estimation of topology and branch lengths (divergence times) from the aligned DNA sequences, no a priori assumption of rate autocorrelation among adjacent branches of the tree and flexible priors on model parameters (such as parametric calibration priors; Drummond et al. 2006) . For these analyses, we used a GTR + I + Γ model of sequence evolution, a Yule prior on branch rates and uncorrelated lognormal (UCLN) prior distribution of branch rates, that is, rate variation among lineages was assumed to be uncorrelated and lognormally distributed (Drummond et al. 2006) . Using essentially the same sequences, Stöckler et al. (2002) and Knapp et al. (2007) identified a GTR + I + Γ submodel as providing the best overall fit to their Araucariaceae data sets and found that divergence time estimates were reasonably insensitive to the choice of substitution model (Knapp et al. 2007 ). We favored the UCLN model of branch rates because it includes a variance parameter (UCLN standard deviation), providing an estimate of among lineage rate variation. Using simulated data, Drummond et al. (2006) found that the UCLN implementation in BEAST performed well (in terms of accuracy and precision) when the data were clocklike or showed significant rate heterogeneity among lineages. Relative to an uncorrelated exponential prior distribution of branch rates, the UCLN model had similar accuracy but greater precision and could better accommodate data that were nearly clocklike because it includes the variance of the lognormal distribution as a parameter (Drummond et al. 2006) . We estimated araucarian phylogenies using 2 different sets of constraints on node age. Firstly, we sought to approximate the hypothesis of divergence times for Araucariaceae of Knapp et al. (2007) that was originally derived from 4 fossil constraints and a prior assumption on the age of the root (their Araucariaceae crown node; Table 2 ; hereafter referred to as crown group scenario). We used lognormal priors with a zero offset providing lower node age constraints equivalent to those applied by Knapp et al. (2007) for their 4 constraints. The prior probability distribution of node ages had a median value (peak prior probability) approximating the mean node age estimates for each of the constraints reported by Knapp et al. (2007) for their Bayesian relaxed clock analyses of their concatenated data set (their table 3, p. 867). The upper limit of node age has a "soft" bound, that is, much older ages are possible but are associated with decreasing probabilities (Sanders and Lee 2007) . In addition, we placed a maximum age on the root (i.e., the most recent common ancestor, MRCA, of Araucariaceae and the outgroup taxa; Fig. 1 ) of 320 Ma, approximating the appearance of conifers in the fossil record (Rothwell and Scheckler 1988; Gaultier et al. 1992; Miller 1999; Hernandez-Castillo et al. 2009 ).
The alternative approach (hereafter referred to as stem group scenario) used the same maximum age to constrain the root and additionally used lognormal calibration priors to constrain: First, the MRCA of Araucariaceae and Podocarpaceae based upon the oldest well-assigned fossils for both these families from the Mid-Jurassic (Hill and Brodribb 1999) . Putative fossils of Araucariaceae and Podocarpaceae have been recorded from the Triassic, although the affinities of these are tentative (Hill 1995; Hill and Brodribb 1999) . However, note that a Triassic age for this node is not ruled out a priori (Table 2 ) and, secondly, the MRCA of Agathis + Wollemia based upon the recent reviews of the macrofossil record of Agathis Hill et al. 2008; Pole 2008 ). Currently, the oldest unequivocal fossils of Agathis are from southeastern Australia of the Late Palaeogene (c. 55-50 Ma; Hill et al. 2008) . We designed the prior to include a mid-Cretaceous age within the 95% confidence interval in light of the description of A. victoriensis (Cantrill, 1992) from Cretaceous (c. 120-100 Ma) sediments of southern Australia (Table 2 ). However, this species lacks organic preservation, and its generic identity is considered doubtful (Hill and Brodribb 1999; Hill et al. 2008; Pole 2008) .
Initially, we analyzed the data with each of these fossil constraints singly to consider their internal consistency. As these analyses returned comparable posterior divergence time estimates (Supplementary Material; model priors as above and analysis settings as detailed below), both fossil constraints were included to estimate divergence times among Araucariaceae under the stem group scenario.
For each scenario, four independent MCMC runs were performed, each of 10 8 steps (sampling topology and parameter values every 1000 steps). Tracer ) was used to assess convergence between runs and estimate an appropriate burn-in proportion, the mean, median and 95% highest posterior density (HPD) of parameters sampled from the posterior distribution of the combined runs and to ensure that the effective sample size was sufficient to provide reasonable estimates of model parameter variance (i.e., > 200; see Drummond et al. 2007: chapter 5) . After excluding an appropriate burn-in fraction (as described above), the topologies estimated from the 4 independent runs were combined and topology and parameter values were summarized (using TreeAnnotator, on the "maximum credibility tree."
The sister group relationship of Araucariaceae and Podocarpaceae was not consistently recovered from these data (Fig. 1) but is supported in other analyses incorporating extensive sequence data for densely sampled seed plant lineages (e.g., Rai et al. 2008) . Therefore, we estimated topologies for the alternative scenarios, as described above, with the monophyly of Araucariaceae and Podocarpaceae constrained, or unconstrained, and found no substantive difference in divergence time estimates or inferences of evolutionary rates among FIGURE 1. Tree topologies (maximum clade credibility trees) and divergence time estimates for Araucariaceae under 2 calibration schemes: (a) crown group scenario and (b) stem group scenario. The crown group scenario used 4 fossil constraints (1, Araucariaceae crown; 2, MRCA Agathis + Wollemia; 3, MRCA Section Bunya + Araucaria; and 4, MRCA Section Bunya + Eutacta), whereas for the stem group scenario, 2 age constraints (1, Araucariaceae stem node and 2, MRCA of Agathis + Wollemia) were used to estimate divergence times among Araucariaceae (see Table 2 , and text, for details). Branch support (posterior probability) is 1.0 unless indicated adjacent to that branch. The horizontal bars indicate the 95% HPD of divergence times associated with each node and the timescale is in millions of years. lineages (full results not shown). The results reported below pertain to the unconstrained set of analyses.
RESULTS AND DISCUSSION

Topology and Divergence Time Estimates
The inferred relationships among Araucariaceae derived from the Bayesian analysis of plastid rbcL and matK sequences are largely consistent with those of previous studies including Setoguchi et al. (1998) , Stöckler et al. (2002) , and Knapp et al. (2007) . Araucaria is resolved as monophyletic, as are the Araucaria Sections Araucaria and Eutacta, whereas monotypic Sections Bunya and Intermedia are resolved as sister taxa. Wollemia and Agathis are resolved as sisters. Within Agathis, the deepest divergence is that of A. australis from NZ from the remaining Agathis species included in our analyses (Fig. 1) .
We obtained strongly contrasting divergence time estimates for Araucariaceae under the two calibration scenarios: 1) using 4 internal node age constraints to approximate the hypothesis of Knapp et al. (2007) (crown group scenario) and 2) using two alternative constraints either singly (Supplementary Material) or in combination (stem group scenario; Table 2 and Fig.  1 ). For example, under the stem group scenario, the estimated age of the Araucariaceae crown group is an order of magnitude younger than the age suggested by the crown group scenario, whereas the extant lineages of Araucariaceae are of latest Cretaceous-Cainozoic versus predominantly Jurassic-Cretaceous origin under the stem and crown group scenarios, respectively (Table 2 and Fig. 1) . Broadly, the stem group scenario supports a hypothesis of araucarian evolution that contrasts the widely accepted view (e.g., Kershaw and Wagstaff 2001; Kunzmann 2007 ) and is incongruent VOL. 59 with current interpretations of the fossil record of Araucariaceae. For instance, fossil taxa assigned to Araucaria Sections Bunya and Eutacta are known from Early Mesozoic (Triassic-Jurassic) fossils, Section Araucaria fossils have been reported from the Cretaceous (Hill and Brodribb 1999) , and Wollemia-like pollen (Dillwynites) is known from the Late Cretaceous (c. 89-94 Ma; Macphail et al. 1995) . However, the stem group scenario makes minimal assumptions concerning the affinities of Mesozoic Araucariaceae and in contrast to the crown group scenario provides an independent test of the palaeobotanical record. Below, we briefly consider the implications of the alternative calibration approaches with respect to rates of molecular evolution among Araucariaceae.
Molecular Rate Variation
We estimated phylogenies using a UCLN relaxed clock model that allows the distribution of branch rates to vary from clocklike (no rate variation among branches) to strongly nonclocklike (large variations in branch rate estimates) (Drummond et al. 2006 ). Under this model, the degree of rate variation among branches can be assessed by the standard deviation of the UCLN relaxed clock rate. In Table 1 (see also Fig. 2 ), we contrast the estimated value of this statistic for our two calibration scenarios (see Sanders and Lee 2007) . In both cases, there is significant departure from a strict molecular clock(where the standard deviation in the clock rate includes 0), although the degree of departure varies from moderate (stem group scenario) to extreme FIGURE 2. Ratograms (branch width proportional to median molecular evolutionary rate, branch length proportional to time, topologies with median node height estimates as per Figure 1 ) depicting the inferred evolutionary rate for each branch (dashed branches have a posterior probability <0.5) in the phylogenies inferred under (a) crown group and (b) stem group calibration scenarios.
(crown group scenario; i.e., values >1.0 indicate that the standard deviation exceeds the value of the clock rate mean).
Posterior branch rate estimates (median) for our two calibration scenarios are indicated in Figure 2 . For the crown group scenario, the highest branch rate estimates are associated with the deepest nodes. For instance, the Araucariaceae stem group lineage has an estimated median rate of 5.7×10
−4 site −1 million years −1 . In contrast, the lowest median branch rate estimates are associated with the Araucariaceae crown group, ranging from c. 2.7 × 10 −5 to 2.2 × 10 −4 site −1 million years −1 , that is, up to an order of magnitude lower than the estimated stem group rate. Under the stem group scenario, median branch rate estimates for Araucariaceae range from 1.2 to 3.5 ×10 −4 site −1 million years −1 and are comparable to absolute silent mutation rates inferred for the conifer genus Pinus (Pinaceae) (2.2-4.2×10
−4 site −1 million years −1 ; Willyard et al. 2007 ). For the crown group scenario, we find that the largest positive shift in molecular evolutionary rate (an c. 4× increase from the parent to daughter lineage) occurs along the Araucariaceae stem. By contrast, within the Araucariaceae crown group, there is a general and strong shift to lower evolutionary rates including an c. 5-7.5 times lower rate along the branches subtending both the Araucaria and the Agathis + Wollemia crown groups, respectively, relative to the stem group rate (Fig. 2) . For the stem group scenario, we find broadly overlapping branch rate estimates and relatively minor shifts in rates from ancestral to daughter lineages across the full depth of the tree (Fig. 2) .
Given that our two models differ only in terms of nodal constraints, it follows that the contrasting treatments of Araucariaceae fossils is the underlying cause of the strongly contrasting patterns molecular evolutionary rates between crown and stem group scenarios (Fig. 2) . Two hypotheses follow: 1) the fossil constraints in the study of Knapp et al. (2007) are realistic, and rates have been highly variable through the timescale of araucarian evolution or 2) the Araucariaceae are characterized by moderate levels of rate variation, which would lead to the conclusion that the fossil record of Araucariaceae is problematic.
Crown Group Scenario: Variable Molecular Rates Molecular rate variation has been widely documented across the tree of life and has been attributed to a range of factors including differences in body size, generation time, the efficiency of DNA repair, and level of environmental energy that species are exposed to (Bromham 2009 , and references therein). Among reasonably close relatives, it has been hypothesized that generation time may be a major contributor to rate variation, whereas other factors (e.g., metabolic rate) are more important for rate variation among distantly related lineages (Li 1993) . For plants, the strongest correlations with molecular rate variation so far demonstrated involve changes in life history characteristics (e.g., Bousquet et al. 1992 ; Kay et al. 2006; Smith and Donoghue 2008) . For instance, based upon five large (family-wide) angiosperm phylogenies, trees and shrubs were found to evolve on average 2.5 times slower than herbs (Smith and Donoghue 2008 ; maximum from their data set was a 4.75 times increase in rate in a shift from a woody to herbaceous habit), and generation time scales with habit. Such factors are unlikely to cause such strong rate variation here. Among conifers, the overwhelming majority of species are large long-lived trees, as is the case for all extant (and presumably extinct) Araucariaceae.
An alternative explanation for the sharply contrasting levels of inferred among lineage rate variation is simply that the calibration information is poorly assigned. Specifically, Knapp et al. (2007) assume that the crown group is "old" but make no attempt to test this assumption. The observed pattern in rate variation could be explained simply by the influence of the calibration information causing a temporal compression of some branches (for instance, the Araucariaceae stem group, which would be compressed between the lower age limits implied by the fossil calibrations, and the upper maximum age set on the root) and a compensatory stretching of others (i.e., the crown group internal and terminal branches have concomitantly increased durations) in order to fit the data to the user supplied model. Such an effect would not be evident in the original analyses of Knapp et al. (2007) because they did not compare their results, a scenario where most of these constraints were relaxed.
As an indication of the above, we reconstructed divergence times for Araucariaceae using calibrations equivalent to those used for the crown group scenario (Table 2 ) but in the absence of an upper root age constraint (i.e., 320 Ma, approximating the appearance of the earliest conifers). Under this scheme, there is a moderate degree of rate variation among branches (UCLN clock standard deviation, 0.26-0.79, 95% HPD), although the estimated age of the root is Silurian to Precambrian (425-801 Ma, 95% HPD) (full results not shown). Therefore, the assumption of an ancient origin for extant lineages of Araucariaceae (Knapp et al. 2007 ) is associated with entirely unrealistic estimates for the divergence times of extant conifer families given current understanding of land plant evolution (e.g., Rothwell and Scheckler 1988; Kendrick and Crane 2000) supporting a view that it is the calibration approach that is problematic. Importantly, this analysis retains all four internal constraints for Araucariaceae suggesting that the number of nodal constraints per se has a relatively minor influence on the value of the rate variation statistic when compared with the assumption that the crown group is ancient.
Stem Group Scenario: Misplaced Fossils?
If we instead accept the divergence time estimates for the crown group radiation implied by the stem group scenario, the inescapable conclusion is that the Mesozoic fossil record for the family requires reevaluation. The overwhelming pattern from the stem group scenario was to find that the fossil dates are much older than VOL. 59 their associated lineages. However, if the Araucariaceae crown group radiated a maximum of 96 Ma ( Fig. 1 and  Table 1 ), then all these older fossil types cannot belong within crown Araucariaceae-they can (at best) be stem Araucariaceae not allied to any living sections. In light of the molecular age estimates, an alternative is that the hypothesized affinities of ancient Mesozoic Araucariaceae with extant lineages are an artefact of homoplasy. This could result if early fossils represent extinct lineages sharing only convergent similarity with extant ones and/or putative synapomorphies for the extant lineages represent character states that are more general among extinct taxa. For the most part, the fossil record of Araucariaceae comprises a "mosaic of organ taxa" (Kunzmann 2007 ) that have been discussed in terms of relationships on the basis of partial fossils such as detached ovulate and pollen cones, wood, stems, or leaves. The extant lineages (for instance, the extant Sections of Araucaria) are taxonomically defined using overlapping sets of character states drawn from the entire plant (e.g., Ohsawa et al. 1995) , whereas it is likely that extinct lineages encompass a greater range of morphological diversity than is observed in the present (e.g. Bigwood and Hill 1985; Stockey 1994; Ohsawa et al. 1995; Hill and Brodribb 1999; Cantrill and Raine 2006) . If the retention of ancestral character states and homoplasy are sufficiently frequent, then characters drawn from single organs may be insufficient to make confident taxonomic assignments (as has been suggested for Pinus, Gernandt et al. 2005; Willyard et al. 2007 ). Similar arguments have been advanced regarding the affinities of implausibly old "advanced snakes" known from fragmentary material (Hugall et al. 2007 ) and some putative fossil forms of Nothofagus (Cook and Crisp 2005) . The problem of homoplasy is of concern for inferences of the relationship between fossil and extant taxa because similarity due to homoplasy becomes increasingly likely as a clade ages (Wagner 2000) . Offler (1984) provides a detailed review of the leaf morphology of extant Southern Hemisphere conifers including Araucariaceae and found that at best, the separation of living taxa could be achieved to the genus level, suggesting that a suitable classification of fragmentary fossil vegetative material is as organ genera only. The recent discovery of the extant genus Wollemia has permitted a reinterpretation of aspects of the fossil record of Araucariaceae of which Chambers et al. (1998, p. 170-171) conclude that "without detailed knowledge of Wollemia . . . fossil leaves and cones scales of this taxon would almost certainly be classified as Araucaria . . . while isolated winged seeds would be assigned to Agathis." Ohsawa et al. (1995) added Araucaria Section Yezonia to include extinct araucarians from the Mesozoic of Japan based on the morphology of reconstructed "whole plants" that included cones that are externally similar to those of Section Eutacta, whereas the leaves correspond closely to those of Brachyphyllum, raising doubt as to the status of Mesozoic fossils that have been previously assigned to Araucaria Section Eutacta (Setoguchi et al. 1998 ). Setoguchi et al. (1998) also question the affinities of Mesozoic fossils assigned to Araucaria Section Bunya, given that the sole extant representative (A. bidwilli) was resolved in a derived position in their molecular phylogeny and has at least one apomorphy (hypogeal germination) that is probably absent in the fossils. The hypothesis of Knapp et al. (2007) projects the divergence of Section Bunya at not more than 130 Ma and similarly casts doubt as to the status of Jurassic Bunya fossils. Lee et al. (2007) described abundant and beautifully preserved Agathis leaves from the late Oligocene-early Miocene from the Newvale Mine in the far south of the South Island of New Zealand as having affinities with the extant A. australis. However, Hill et al. (2008) noted that these fossils are unusual for Agathis in having a relatively acute leaf apex, and the cuticle separating the subsidiary cells from the epidermal cells above them is often not complete, leading to a ragged appearance, as in extant Wollemia. Lee et al. (2007) conclude that these fossils, which they believe show "some affinities with extant Agathis australis" lend support to the hypothesis of Knapp et al. (2007) . However, this support is dependent on a close phylogenetic relationship between the fossils and the extant A. australis, which is clearly called into doubt by Hill et al. (2008) .
Did NZ Kauri Really Survive the Oligocene Drowning?
In light of the evidence presented above, we believe that existing hypotheses (Stöckler et al. 2002; Knapp et al. 2007 ) that favor the in situ survival of a lineage giving rise to NZ Agathis since before the Oligocene marine transgression are not well supported. Specifically, even if their topology and assumed divergence times are correct, the tree of Stöckler et al. (2002) is still consistent with the possibility that the A. australis lineage dispersed from Australia to NZ relatively recently, whereas fossil evidence for the antiquity of this lineage in NZ is questionable in light of recent analyses (Hill et al. 2008; Pole 2008; Pole and Vajda 2009 ). The inferred deep dates for the age of A. austalis of Knapp et al. (2007) rely upon a set of assumptions concerning the taxonomic status of Mesozoic fossils that introduce extreme rate variation among branches of their phylogeny (Table 2 and Fig. 2) . We believe that the degree of confidence in the fossil data implied by the treatment of Knapp et al. (2007) is presently unjustified and, for instance, a thorough cladistic assessment of fossil and living Araucariaceae (e.g., Saquet et al. 2009) has not yet been attempted. If we relax these assumptions concerning the status of ancient araucarians, the estimated age of the A. australis lineage is 23 (11-39) Ma (Fig. 1b) and does not reject the alternative hypothesis of post-Oligocene long-distance dispersal to NZ. More generally, the divergence time estimates under the stem group scenario suggest the need to substantially rethink biogeographic and evolutionary hypotheses for Araucariaceae. The ages of nodes suggest an ancient family that has undergone considerable extinction as well as recent (predominantly Cainozoic) diversification in contrast to the "living fossil" status that is popularly ascribed to several extant araucarians.
SUPPLEMENTARY MATERIAL
Supplementary material can be found at http://www .sysbio.oxfordjournals.org/. TreeBase accession number 10483.
FUNDING
